Abstract: Bakers' yeast efficiently catalyzes synthesis of the benzimidazole and quinoxaline derivatives in aqueous media, via reaction of 1,2-phenylenediamine derivatives with aromatic aldehyde and 1,2-diketones respectively. The reactions proceed rapidly and the products are obtained through a facile and green procedure in good yields.
Introduction
N-Containing heterocycles exhibit important and valuable biological activities 1 . Among these various compounds, heterocycles such as benzimidazole and quinoxaline derivatives which contain two heteroatoms are well documented in the literature to exhibit a wide range of biological activities 2 . Benzimidazole derivatives have received considerable attention in recent times because of their applications as antiulcers, antihypertensives, antivirals, antifungals, anticancers and antihistamines among others 3 . In addition, they are important intermediates in many organic reactions 4 and act as ligands to transition metals for modeling biological systems 5 . Also they have been developed as a series of FXa inhibitors 6 . Recently much attention has been directed towards the synthesis of quinoxalines due to the wide range of biological activity associated with them. For instance, they have been employed in antibiotic structures such as echinomycin, leromycin and actinomycin 7 . Consequently, several methods for the synthesis of benzimidazole and quinoxaline derivatives have been developed during the last few years.
Synthesis of benzimidazoles mainly is based on condensation of 1,2-diaminoarene derivatives with carboxylic acid derivatives 8 , aldehydes 9 , aryl halides 10 and orthoesters 11 . The most common method for the synthesis of quinoxalines is reaction of 1,2-diaminoarene derivatives with 1,2-dicarbonyl compounds in different conditions. Recently, various protocols have been introduced which achieve this goal efficiently 9g,12 .
The application of biocatalysis to organic synthesis has attracted much attention 13 . Among microorganisms, bakers' yeast (Saccharomyces cerevisiae) is a well known and preferred catalyst. It is inexpensive, easy to use and its growth does not require the assistance
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of a microbiologist 14 . The application of bakers' yeast in organic synthesis has been proved efficiently. It can catalyze synthesis of polyhydroquinoline derivatives via an unsymmetrical Hantzsch reaction 15 , synthesis of benzothiazoles 16 , oxidative coupling of thiols to disulfides 17 and stereoselective reduction of β-keto esters 18 . In continuation of our efforts to develop new methods in the synthesis of heterocycles containing nitrogen 12a-d,19 herein, we wish to report a facile and green method of obtaining benzimidazole and quinoxaline derivatives. However, to the best of our knowledge, there have not been reports about the synthesis of benzimidazole and quinoxaline derivatives catalyzed by bakers' yeast. Accordingly, treatment 1,2-phenylenediamine derivatives 1 with aromatic aldehyde 2 and also 1,2-phenylenediamine derivatives 1 with 1,2-diketones in the presence of bakers' yeast resulted in the formation of corresponding benzimidazole and quinoxaline derivatives 3 and 4 in good yields (Schemes 1 and 2). 
Experimental
Bakers' yeast (0.4 g) was taken in 5 mL distilled water and stirred overnight. An appropriate aromatic aldehyde (1 mmol) and 1,2-phenylenediamine derivative (1 mmol) were added to the yeast and the reaction mixture was stirred for indicated time in Table 1 . The progress of the reaction was monitored by thin layer chromatography, using petroleum ether/ethyl acetate (6:1) as a solvent system. After completion of reaction, the mixture was treated with CH 2 Cl 2 (5 mL) and filtered off. The product was extracted and the organic layer was dried with MgSO 4 , filtered and the solvent was removed under vacuum. The pure benzimidazole derivatives were obtained by crystallization from ethanol.
Typical procedure for the synthesis of quinoxalines
Bakers' yeast (0.4 g) was taken in 5 mL distilled water and stirred overnight. 1,2-diketones (1 mmol) and 1,2-phenylenediamine derivatives (1 mmol) were added to the yeast and the reaction mixture was stirred for indicated time in Table 2 . The progress of the reaction was monitored by thin layer chromatography, using petroleum ether/ethyl acetate (4:1) as a solvent system. After completion of reaction, the mixture was treated with CH 2 Cl 2 (5 mL) and filtered off. The product was extracted and the organic layer was dried with MgSO 4 , filtered and the solvent was removed under vacuum. The pure quinoxaline derivatives were obtained by crystallization from ethanol. All compounds were known and their physical data were compared with those of authentic compounds and found to be identical. 
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Results and Discussion
Bakers' yeast (0.4 g) was taken in 5 mL distilled water and stirred overnight. 1,2-phenylenediamine (1 mmol) and 4-nitrobenzaldehyde (1 mmol) were added. The reaction mixture stirred for 5 h at room temperature, followed by workup yielded the corresponding product (3g) in 85% yield. Under identical conditions, the reaction also proceeds effectively when 1,2-phenylenediamine (1 mmol) is reacted with benzyl (1 mmol) and the corresponding quinoxaline derivative (5a) was isolated in 85% yield after 10 min. In order to study the catalytic efficiency of bakers' yeast, the model reactions were achieved in the absence of catalyst and in this condition poor yields were resulted. It was found that 0.4 g of bakers' yeast was enough to give the highest yield. In order to expand the scope of the present work, various aromatic aldehydes and 1,2-phenylenediamine derivatives were examined and corresponding products were obtained. The results are summarized in Table 1 . Aromatic aldehydes carrying either electron-donating or electron-withdrawing substituents reacted efficiently to give the corresponding products in good yields. Using the optimized reaction conditions, we next investigated the aliphatic aldehydes, unfortunately, the expected products could not be obtained. Another model reaction was carried out by taking a 1:2 molar ratio mixture of 1,2-phenylenediamine and 4-nitroaldehyde in the presence of bakers' yeast to obtain 1,2-disubstituted bezimimidazole derivatives. The major product was 2-(4-nitrophenyl)-1H-benzo[d]imidazole and corresponding 1,2-disubstituted bezimimidazole derivative was observed in low yield.
To evaluate the scope and limitations of bakers' yeast various phenylenediamine derivatives and 1,2-diketones were examined and related quinoxaline derivatives were obtained in good yields and very short reaction time. Other derivatives and related data have been tabulated in Table 2 . 
Conclusion
In conclusion, we have successfully developed an easy, efficient and green method for the synthesis of benzimidazole and quinoxaline derivatives, respectively from the environmentally friendly reaction of 1,2-diaminoarene derivatives with aldehydes and 1,2-diaminoarene with 1,2-dicarbonyl compounds catalyzed by bakers' yeast at room temperature in water. The protocol does not require the use of toxic and expensive catalysts.
